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Abstract
In this comment paper we present two misconceptions found in paper
of Nahimovs et al. On the probability of finding marked connected compo-
nents using quantum walks. First, we show that the Theorem 2 (sufficient
and necessary condition for a state to be stationary) is incomplete – it
works only if unmarked vertices form a single connected component. Sec-
ond, we correct derivation of a coefficient in the Theorem 3 (lower bound
on the probability) and show how to upper bound value of a.
1 Corrections
1.1 Theorem 2
Let G = (V,E) be an undirected graph and M be a connected set of marked
vertices. In [1] the authors showed
Theorem 1. If M is bipartite, then we can assign amplitudes to neutralise the
shortages at each marked vertex if and only if the sums of the shortages on both
partite sets are equal.
The shortage of a marked vertex is defined to be a sum of amplitudes between
the vertex and its neighbouring unmarked vertices. Neutralising the shortages
means finding amplitudes inside the marked component such that the total sum
of amplitudes of each marked vertex is 0.
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Figure 1: V \M consisting of two connected components H1 and H2
Let M be bipartite with partite sets M1 and M2 and let
degG(Mi) :=
∑
v∈Mi
degG(v), (1)
be a total outgoing degree of Mi, where degG(v) is the degree of v in G. The au-
thors of [2] claimed that according to the theorem above, the following theorem
holds.
Theorem 2. A bipartite marked connected component has a stationary state if
and only if degG(M1) = degG(M2). A non-bipartite marked connected compo-
nent always has a stationary state.
It turns out that the theorem is correct only if the induced subgraph spanned
by V \M is connected, as in such scenario all amplitudes of edges incident to
an unmarked vertex must be equal. However, if V \M is disconnected then
amplitudes in its connected components might be different. Therefore, one can
always construct a stationary state.
Theorem 3. Let G = (V,E) be connected graph, let M be a connected set of
marked vertices and let V \M be disconnected. Then G always has a stationary
state.
Proof. For simplicity suppose V \M consist of two connected components H1
and H2. The argument below can be easily extended to arbitrary number of
components.
Let k11 = |{(i, j) ∈ E | i ∈ H1, j ∈ M1}| be a number of edges between
vertices of H1 and M1 (see Figure 1). Similarly, we define k12, k21 and k22. Let
amplitudes of edges incident to vertices of H1 be a1 (all amplitudes must be
equal) and amplitudes of edges incident to vertices of H2 be a2. The sum of
shortages of M1 is
s(M1) := k11 · a1 + k21 · a2
2
and the sum of shortages of M2 is
s(M2) := k12 · a1 + k22 · a2.
It follows from Theorem 1 that if s(M1) = s(M2) one can assign amplitudes to
neutralise shortages (i.e. construct a stationary state). Therefore, we need
k11 · a1 + k21 · a2 = k12 · a1 + k22 · a2
or
(k11 − k12) · a1 = (k22 − k21) · a2. (2)
As a1 and a2 are independent it is always possible to choose their values to
satisfy the equality.
Note that the constructed stationary state can have 0 overlap with the initial
state. As before, let V \M consist of two connected components H1 = (V1, E1)
and H2 = (V2, E2).
The initial state has all amplitudes equal to 1√
2m
. The overlap of M with
the initial state is 0 (as the sum of amplitudes for each vertex of M1 is 0).
Consider overlap of the rest of the graph |E1| · a1 + |E2| · a2. Let k11 = k21 and
k12 = k22. Then, from (2) we have a1 = −a2. Therefore, if |E1| = |E2| we have
|E1| · a1 + |E2| · a2 = 0.
1.2 Derivation of a in the proof of Theorem 3.
In the proof of Theorem 3 in [2] authors claimed that a = 1√
2m
, where m is the
number of edges. Authors have defined a through stationary state |ψaST 〉 and
have not considered the normalisation of the state, which in turns makes the
mentioned equality incorrect in general. While it may be difficult to precisely
determine the optimal a value, it is relatively easy to provide upper bound that
is satisfactory for small exceptional configurations.
Note that authors have considered only stationary states with the amplitudes
u→ v for arbitrary unmarked u and arbitrary v being all equal. Since according
to Theorem 2 from [1] only these amplitudes has impact on overlap between
stationary state and initial state, a can be upper-bounded by a¯ of the form
|ψ〉 =
∑
u∈V \M
∑
v∈N(u)
a¯ |u, v〉 . (3)
Note that |ψ〉 does not need to be a stationary state, but presents the worst
case scenario of optimal stationary states. Thus
1 = 〈ψ|ψ〉 =
∑
u∈V \M
∑
v∈N(u)
a¯2
= a¯2
∑
u∈V \M
degG(v)
= a¯2(2m− 2|EM | −DM¯ ),
(4)
3
where EM is the set of edges between marked vertices ad D
M¯ is the number of
edges between marked and unmarked vertices. Thus,
a ≤ a¯ = 1√
2m− 2|EM | −DM¯
. (5)
2 Final statements of Theorems 3
Finally we present a corrected version of Theorem 3.
Theorem 4. Consider a graph G = (V,E) with a component of marked ver-
tices M . Let M be such that there exists a stationary state with amplitudes of
unmarked→marked arcs being all equal. Then the probability pM (t) of finding a
marked vertex after t steps satisfies
pM ≤ 4
2m− 2|EM | −DM¯
( ∑
i,j∈M
i∼j
c2ij + 2D
M¯ + 2|EM |
)
. (6)
Note that the Theorem 3 covers also the Corollary 1 presented in [2].
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